Aim: The purpose of this study was to investigate the change of the plasma oxidative stress level in children with IgA nephropathy (IgAN) and analyze its relativity to the clinical and pathological classification. To discuss the early effects of angiotensin-converting enzyme inhibitors (ACEIs) on the plasma oxidative stress level in children with IgA nephropathy. Methods: Thirty-eight children with IgAN were divided into groups according to their clinical features, pathologic grades, and treatments. Twenty healthy children were included in the control group. Results: The plasma level of advanced oxidation protein products (AOPPs), malonaldehyde (MDA), and superoxide dismutase (SOD) were detected. The plasma level of oxidative stress was significantly increased in the IgAN group, including a higher plasma level of AOPP and MDA and a lower plasma level of SOD. After treatment, the plasma level of oxidative stress was significantly decreased in the ACEI group. Conclusions: The children with IgAN had an increase in the plasma level of oxidative stress, expressed as an increased plasma level of AOPP and MDA and a decreased plasma level of SOD. Oxidative stress was associated with the progression of IgAN in children. Early treatment with ACEI therapy can significantly reduce the plasma level of oxidative stress in children with IgAN.
Introduction
IgA nephropathy (IgAN) is the most common primary glomerular disease in children, and its pathogenesis has not been fully elucidated. A study with a 20-year follow-up shows that 30% of patients with childhood IgAN developed end-stage renal disease (ESRD). 1, 2 Angiotensinconverting enzyme inhibitors (ACEIs) are one of the recognized medications for delaying the progression of nephropathy through a mechanism that is not related to blood pressure effects. [3] [4] [5] [6] [7] [8] Over a decade ago, it was observed that angiotensin II (Ang II) can activate NADPH oxidase that mediates reactive oxygen species (ROS) production. 9, 10 It has been clinically demonstrated that the immunoreactivities of intrarenal heme oxygenase-1 (HO-1) and 4-hydroxy-2-nonenal (4-HNE) (markers of ROS) and those of intrarenal angiotensinogen (AGT) and angiotensin II (Ang II) (markers of the renin angiotensin system (RAS)) in IgA nephropathy patients were significantly increased compared to those of control subjects. Moreover, an interventional study using high IgA (HIGA) mice demonstrated that the expressions of two lines of intrarenal ROS markers (4-HNE and HO-1), two lines of intrarenal RAS markers (AGT and Ang II) and renal damage decreased significantly in HIGA mice receiving treatment with the Ang II receptor blocker olmesartan but not in HIGA mice receiving treatment with RAS-independent antihypertensive drugs (hydralazine, reserpine, and hydrochlorothiazide) when compared with HIGA mice that were not treated. These data suggest that intrarenal ROS and RAS activation plays a pivotal role in the development of IgA nephropathy. 11 Oxidative stress refers to an imbalance in oxidants and antioxidants, causing oxidative damage to cells and tissues. Recent studies have shown that there are increased oxidative stress levels in the plasma and kidneys in adult patients with IgAN. Antioxidant therapy can delay renal failure in adult patients with IgAN, showing that oxidative stress is involved in IgAN pathogenesis. [12] [13] [14] However, there are no reports that demonstrate changes in the plasma oxidative stress levels in children with IgAN or whether ACEIs can affect plasma oxidative stress levels in children with IgAN. This study investigates the plasma oxidative stress level in children with IgAN, compares the relationship to clinical pathology, and presents the influence of ACEIs on oxidative stress by testing advanced oxidation protein products (AOPPs), malonaldehyde (MDA) and superoxide dismutase (SOD) levels.
Materials and methods

Clinical data
From November 2010-November 2012, 44 cases of children with primary IgAN were diagnosed by light microscopy, immunofluorescence, and electron microscopy in the Pediatric Nephrology Center of the Department of Pediatrics in the First Affiliated Hospital of Sun Yat-sen University. We excluded two cases that received previous ACEI or angiotensin receptor blocker (ARB) treatments, three cases of reduced glutathione treatments and one case of severe infection, leaving 38 cases with pediatric IgAN. Twenty-seven of these patients were males and 11 were females. The ages of 38 children visited their physician range from 6 years and 5 months to 11 years. 'The median patient age was nine years and one month. The duration from initial visit to confirmed diagnosis ranged from 29 days to three months. The patients' kidney function tests were normal. Meanwhile, we performed a physical examination on 20 healthy children as the control group that were matched for age and gender with the IgAN patients. The control group children had no medication histories or a history of infection within the past three months. This study was approved by the ethics committee of The First Affiliated Hospital of Sun Yat-sen University and has therefore been performed in accordance with the ethical standards outlined in the 1964 Declaration of Helsinki. All of the children's parents signed informed consent before participating. 4, 7, 15, 16 children with IgAN were divided into three groups: 22 cases in the pathology III group, 10 cases in the pathology IV group and six cases in the pathology V group. Based on whether patients received hormone and immunosuppressant therapy after diagnosis in our hospital, children with IgAN were categorized into a primary group with 28 cases and a non-primary group with 10 cases. The primary group consisted of two sub-groups: an ACEI group (n=10) and a non-ACEI group (n=18). Subjects in the former group were diagnosed with hypertension, were being treated with glucocorticoids and/or immune-suppressants according to their clinical classification and pathologic grade and were taking ACEI drugs (fosinopril, 0.3-1 mg/kg.d once a day) at the beginning of treatment. The type and dosage of glucocorticoids and immunesuppressants can be found in the therapeutic schedule in 'Trial evidence-based guidelines of common kidney disease in children (IV) in 2010'. 7 Subjects in the non-ACEI group were not diagnosed with hypertension but were treated with glucocorticoids and/or immune-suppressants according to their clinical classification and pathologic grade ( Table 1) .
Inclusion and exclusion criteria
Serological tests
All samples were taken after fasting using a drying tube to collect 2 ml of peripheral venous blood. Plasma was separated within 30 min of collection (4°C low-temperature plasma separation for 15 min, 3000 r/min, r=20 cm). These samples were stored in a −80°C freezer and analyzed within six months. Additionally, we used separation gel tubes to collect 2 ml of peripheral blood and isolated the serum (3500 r/min, centrifugal separation for 10 min) after storage at room temperature for 30 min. After five months of treatment, children in the primary group required repeated blood collection. AOPP, MDA and SOD levels in the drying tubes were measured by the Wikto-sarsat spectrophotometric method, 17 thiobarbituric acid spectrophotometric method and xanthine oxidase technique, respectively. Blood urea nitrogen (BUN), serum creatinine (Scr) and serum cystatin C (Cys-C) levels were detected by a 7170A automatic biochemical analyzer. All the kits were purchased from Nanjing Jiancheng Bioengineering Institute.
Urine tests
We collected 24-hour urine specimens one day prior to blood collection and recorded the exact volume with graduated cylinders. After sufficient mixing, we took 15 ml of urine to measure 24-hour urine protein and β2 microglobulin (β2-MG) levels in urine using the sulfosalicylic acid method and electrochemiluminescence method, respectively. The 24-hour proteinuria was adjusted to body surface area (BSA) according to Chinese guidelines. Creatinine clearance rate (Ccr) in ml/1.73 m 2 .min was measured by the following formula Ccr=24 Ucr 700 1.73/Scr BSA × × ×
Renal pathological grading
Children with IgAN were scored according to the Katafuchi semi-quantitative criteria. 6 Statistical analysis. SPSS 17.0 software was used for data analysis. Data were quantitatively represented using the mean and standard deviation (x -±s) or the median and inter-quartile range (M (Q 1 -Q 3 )), depending on the distribution of the data. The t-test or the ranksum test were used to compare two groups of quantitative data depending on the distribution of the data. Pearson correlation analysis method or the Spearman rank correlation analysis method was used for correlation analysis between two groups, depending on the distribution of the data. Values of p<0.05 indicate statistical significance.
Results
Plasma levels of oxidative stress in children with IgAN
Compared with the control group, AOPP plasma level in the IgAN group was significantly increased ((99±27) vs (53±21) μmol/ml), MDA level was significantly increased ((5.3±2.1) vs (2.5±1.4) nmol/ml), and SOD level was significantly decreased ((67±21) vs (95±20) U/ml). Differences were statistically significant (p<0.01). The plasma levels of oxidative stress indicators in the NS group are the highest among all clinical classification groups (Table 2) . Whereas, the plasma levels of oxidative stress indicators in pathology group V are the highest among all pathological groups (Table 3) .
Correlation analysis between oxidative stress indicator levels and clinical indicators for children with IgAN
There was a positive correlation between oxidative stress indicator levels and serum Cys-C level and oxidative stress level and 24-hour urine protein level. In addition, a positive correlation was present between oxidative stress level and β2-MG level for children with IgAN (Table 4) .
Correlation analysis between plasma oxidative stress indicator levels and the Katafuchi score in IgAN children
There were positive correlations between AOPP, MDA and the total renal lesion score and the renal tubulointerstitial lesion score in IgAN children. Correlations were not found between SOD and the total renal lesion score, renal tubulointerstitial lesion score, or renal vascular lesion score (p>0.05, Table 5 ).
Clinical data before and after treatment in the ACEI and non-ACEI groups, and the effects on plasma oxidative stress indicator levels in children with IgAN
Clinical data. Significant decreases in Upro values after five months of treatment were found in both the ACEI and non-ACEI groups (both are p<0.05); however, the degree of decline was not statistically significant between the two groups (p>0.05). BUN, Scr, Ccr, Cys-C, urine β 2 -MG and urine transferrin (urine TF) value differences between before and after treatment were not statistically significant in the ACEI and non-ACEI groups (p>0.05, Table 6 ).
Plasma oxidative stress level. Before treatment, there were no significant differences in oxidative stress indicator levels between the ACEI and non-ACEI groups (p>0.05). After treatment, plasma oxidative stress indicator levels in the ACEI treatment group were significantly reduced (p<0.05), and the decrease in the ACEI group was significantly greater than in the non-ACEI treatment group (p<0.05, Figure 1 , Table 7 ).
Discussions
Plasma oxidative stress indicator levels in IgAN children
Oxidative stress is the result of an imbalance between oxidants and the antioxidant defense system, leading to oxidative damage to tissues and cells with ROS. As ROS are rapidly metabolized and difficult to detect, oxidative stress levels are usually quantified by testing molecular markers of oxidative stress in a clinic. When the concentration of the products of oxidation reactions (such as AOPP and MDA) increases or when the activity of antioxidant enzymes (such as SOD) decreases, oxidative stress levels increase. This study reveals that when compared with a normal control group, plasma levels of AOPP and MDA are significantly increased and SOD level are decreased in IgAN children. In other words, oxidative stress levels are raised in children with IgAN, the results of which are consistent with animal experiments. 18 According to clinical and pathological analysis of IgAN children, results indicated that plasma oxidative stress levels in IgAN children had the highest value within the NS group and grade V group. AOPP, MDA, and SOD levels were strongly correlated with clinical and pathological classification. Thus, these results suggest that oxidative stress is involved in the pathogenesis of IgAN. IgAN children with more severe clinical manifestations had more significant pathological changes and higher plasma oxidative stress levels. Renal fibrosis is a typical pathological change for IgAN children who progress to ESRD. Previous studies showed that oxidative stress is involved in the process of developing renal interstitial fibrosis. 19, 20 In this study, there were positive correlations between AOPP and MDA levels in IgAN children and Katafuchi scoring. This result shows that renal fibrosis in children with IgAN may be caused by increased oxidative stress. On the other hand, a positive correlation was not observed between SOD levels in IgAN children and the Katafuchi scoring. The reason maybe that SOD is less sensitive in the early stages of renal injury, but in our study, the children did not clearly present with renal insufficiency. 21 Proteinuria is an independent risk factor for IgAN and can affect the prognosis. 22 According to the study results, 24-hour urine protein and oxidative stress levels were positively correlated. At this point, results were consistent with Tian and others. 23 Thus, oxidative stress may have a relationship with generating proteinuria in children with IgAN. Reducing oxidative stress in children with IgAN is a potential new treatment. Cys-C is a sensitive indicator of the glomerular filtration rate 24 and can be used as an early predictive indicator of prognosis in patients with IgAN. 25 In this study, the results revealed that oxidative stress and Cys-C in children with IgAN were positively correlated; therefore, during followup, it is necessary to pay greater attention to renal function changes in IgAN children with increased oxidative stress.
Urine β 2 -MG is a sensitive and specific indicator for renal tubular damage. Results from this study revealed that oxidative stress and urine β 2 -MG in children with IgAN were positively correlated. Thus, oxidative stress may induce tubulointerstitial injury in IgAN children and can affect the pathogenesis and prognosis of the disease.
The influence of ACEI on oxidative stress in IgAN children
ACEIs are one of the accepted treatments for IgAN to delay progression to ESRD, especially for IgAN children with mild to moderate proteinuria. 7 However, the effective mechanism of action of ACEIs for IgAN is still unclear. Results in this study showed that the group treated with ACEIs had a significant decline in oxidative stress indicators AOPP and MDA and an increase in SOD. As a result, treatment with ACEIs can improve oxidative stress in IgAN children. A double-blind placebo-controlled experiment from the USA showed that treatment with antioxidant Vitamin E can improve oxidative stress in IgAN children; 26 meanwhile, 24-hour urine protein was significantly reduced, and the rate of decrease of glomerular filtration rate was delayed. Although both oxidative stress and urine protein levels for IgAN children in the ACEI group had an obvious decrease, there was no significant difference in decreased urine protein levels when compared with the non-ACEI group. Additionally, no change in renal function before and after treatments was observed in both groups. ACEIs can antagonize oxidative stress in IgAN, which may not be due to the decreasing of urine protein. Further study is required to determine the relationship between the antagonistic actions of ACEIs on oxidative stress and the mechanisms of renal protection. This study's limitations include the limited number of cases, short follow-up periods and normal renal function in most of the IgAN children. Only two children from the NS group had renal function damage (compensated), with creatinine clearance rates 62 and 73 ml/1.73 m 2 /min, Figure 1 . The plasma level of oxidative stress between different IgA nephropathy (IgAN) groups. After treatment, plasma oxidative stress indicator levels in the ACEI treatment group were significantly reduced (P<0.05) compared to treatment before (a), and the decrease in the ACEI group was significantly greater than the non-ACEI treatment group (P<0.05) (b). AOPP: advanced oxidation protein product; MDA: malonaldehyde; SOD: superoxide dismutase. Table 7 . The plasma level of oxidative stress indicators before and after treatment between angiotensin-converting enzyme inhibitor (ACEI) group and non-ACEI groups of IgA nephropathy (IgAN) children (x ±s).
Group
Case AOPP (μmol/ml) MDA (nmol/ml) SOD (U/ml) respectively, but no significant impact on the other conclusions was found. The relationship between the antioxidant effect of ACEIs and the protection of renal function requires further research.
In conclusion, children with IgAN are under increased oxidative stress. Oxidative stress has a close relationship with existing clinical classifications, pathologic grading systems, and also relates to urine protein levels and the degree of renal interstitial fibrosis, all of which are important factors in IgAN pathogenesis and prognosis. ACEI medications can improve oxidative stress in children with IgAN.
